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WHAT THIS PAPER ADDS
 Patients with either iliac artery or iliac vein injuries can be haemodynamically unstable and require promptmanagement decisions,
frequently requiring damage control surgery.
 Ligation of venous and internal iliac artery injuries is safe with good medium term outcomes.
 A temporary intravascular shunt can be used in a haemodynamically unstable patient with these arterial injuries to maintain distal
perfusion and improve limb salvage.a r t i c l e i n f o
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Objective: To report the surgical management and outcome of iliac vessel (IV) injuries in a civilian trauma
centre with a high incidence of penetrating trauma.
Design, patients and methods: A retrospective record review of patients with IV injuries treated between
January 2000 and December 2009.
Results: Sixty nine patients, 59 with gunshot wounds, sustained 108 iliac vessel injuries. Mean revised
trauma and injury severity scores was 7.06 and 28.4, respectively. Twenty nine patients required damage
control laparotomy. Common or external iliac arteries were repaired by primary repair (10), temporary
shunt with delayed graft (6), interposition graft (5) or ligation if limb non-viable (3). Forty-seven patients
had injuries to the common or external iliac vein, 42 were ligated. Mortality was 25% and 6 survivors
required amputation.
Conclusions: In a stable patient a primary arterial repair is preferred but a temporary shunt can be a life
and limb saving option in the unstable patient. Ligating the common or external iliac veins is associated
with a low incidence of prolonged leg swelling.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Introduction
Injury to the iliac vessels is associated with a mortality between
30 and 50%.1,2 This high mortality is related to large volume blood
loss caused by difﬁcult vascular control both preoperatively, as the
bleeding is non compressible and intraoperatively as the iliac
vessels are retroperitoneal and especially when combined with
a large haematoma, can be difﬁcult to isolate and control.3 Also due
to their position buried deep in the pelvis, injuries to the iliac
vessels are often associated with other genitourinary and gastro-
intestinal injuries which add to the overall morbidity. Data
demonstrating the optimum treatment of these injuries is scarce
due to their infrequent occurrence. The primary aim of this study27 404 4115.
avsaria).
ciety for Vascular Surgery. Publishewas to review the surgical management and outcome of patients
with iliac vessel injuries treated in an urban centre with a high
incidence of penetrating trauma.
Materials and Methods
We performed a retrospective case notes analysis. Patients were
identiﬁed by reviewing the operation records of all patients that
underwent surgery at the Trauma Center, Groote Schuur Hospital,
during the 10 year period from January 2000 to December 2009,
and selecting all patients with documented injuries to either the
common, external or internal iliac artery or vein. Patients who did
not undergo open surgery were not included in the study. Data
regarding patient demographics, mechanism of injury, admission
observations and blood transfusion requirements were retrieved
from patient records. Operation notes documented the vessels
injured, the method of repair, and associated intra-abdominald by Elsevier Ltd. All rights reserved.
Table 1
Physiological parameters of the patients by type of vessel injured.
Physiological parameters
mean (SD)
Artery only Vein & Artery Vein only p
N 16 25 28
Systolic blood pressure (mmHg) 97 (27.7) 96.9 (26.7) 90.2 (27.8) 0.47
Heart rate 115 (26.6) 108 (22.3) 108 (26.5) 0.65
Revised trauma score 7.35 (0.72) 7.13 (1.2) 6.88 (1.3) 0.59
Injury severity score 28.3 (6.8) 27.9 (7.0) 28.9 (8.3) 0.86
pH on admission 7.24 (0.12) 7.21 (0.14) 7.21 (0.17) 0.73
Haemoglobin concentration
(G %)
9.6 (2.6) 9.4 (2.2) 9.4 (3.1) 0.92
Temperature 36.2 (1.22) 35.0 (1.8) 35.3 (1.5) 0.07
Blood transfusion in ﬁrst 24 hrs 8.1 (4.9) 12.3 (8.4) 12.5 (7.4) 0.15
Damage control surgery N (%) 4 (25) 14 (56) 11 (39) 0.14
Table 2
Outcome related to type of vessel injured.
Vessel injured N Fasciotomy Amputation Survive with
Amputation
Deaths
Artery only
Common/external 12 3 3 2 1
Internal 5 0 0 0 1
Vein & artery
Common/external
artery & vein
17 6 7 4 7
Internal artery &
common/external v
6 0 0 0 0
Common/external a
& internal vein
1 1 0 0 0
Internal artery & vein 1 0 0 0 1
Vein only
Common/external 25 1 1 0 7
Internal 3 0 0 0 0
Total 69 11 11 6 17
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and hospital stays, and complications were noted. Injury severity
was categorized using the revised trauma (RTS) and injury severity
(ISS) scores.
Initial management and resuscitation were along standard
Advanced Trauma Life Support (ATLS) guidelines. All patients
underwent plain x-ray imaging of the chest and pelvis. Those with
suspected renal tract injury underwent single shot intravenous
pyelogram in the emergency department. Patients with peritonism
(diffuse abdominal tenderness, rebound tenderness, guarding and
rigidity) or persistent shock underwent emergency laparotomy
without any further preoperative imaging. Haemodynamically
stable patients without deﬁnite indication for a laparotomy
underwent helical computed tomography. Haemodynamic stable
patients with a viable limb with signs of an iliac vascular injury
(diminished or absent peripheral pulses, bruit/thrill, large groin
haematoma) underwent formal digital subtraction angiography.
Unfortunately access to emergency endovascular intervention is
limited in our centre and therefore this was not performed in this
series, although it may be an option in a stable patient.
Immediate damage-control surgery was performed for the
haemodynamically unstable (systolic blood pressure persistently
less than 90 mmHG without inotropes, despite initial ﬂuid resus-
citation), acidotic (arterial pH <7.25 or Base excess <5, hypo-
thermic (core temperature less than 35.5)) patient. This involved
a laparotomy of maximum 1 h duration. Procedures performed
included control of bleeding by ligation or shunting of injured
vessels, packing of bleeding solid organs and control of contami-
nation by ligating or stapling injured hollow organs such as bowel
or ureter. Patients were then transferred to the intensive care unit
for transfusion of packed red cells fresh, frozen plasma and platelets
and active warming. Deﬁnitive surgery was performed when this
had been achieved.
Operative approach: Iliac vessel injuries, like other abdominal
vascular trauma presents either as free intraperitoneal haemor-
rhage, retroperitoneal haematoma, or a combination of both. The
source of bleeding or location of the haematoma in these patients
are pelvic in location. Prior to exploration of the haematoma,
proximal control must be achieved by clamping either the aorta or
the common iliac artery and vein on the injured side, then on the
left the sigmoid colon is mobilized. Distal control is achieved either
by compression with a ﬁnger or a ‘swab-on-a-stick’ deep in the
pelvis by an assistant. If this does not achieve adequate control, the
ipsilateral internal iliac arterymust be controlled in a similar way. A
combination of blunt and sharp dissection is used to open the
pelvic peritoneum and reach the injured vessel/s. The proximal
vascular clamp is then progressively adjusted to reach the injured
segment/s. The internal iliac artery is isolated, using angled
vascular clamps ensuring visualization and preservation of the
ureter at this level. Bleeding from the conﬂuence of the common
iliac veins can be difﬁcult. The overlying right common iliac artery
may be transected to gain venous control. The injured artery can be
repaired or shunted, depending on the patient’s physiological
status. Iliac veins are best ligated. Shunting (artery) and ligation
(vein) are the damage control options for iliac vessel injuries.
The data was analysed using Statistical Package for the Social
Sciences version 11.5 (SPSS, Chicago, IL) using the Kruskal Wallis
and Chi-squared tests. A level of P < 0.05 was considered statisti-
cally signiﬁcant. This retrospective analysis was intended to be
primarily descriptive.
Results
Sixty nine patients with a total of 108 iliac vessel injuries were
identiﬁed. The majority (56%) of patients had only one iliac vesselinjured, but 7 patients had sustained injury to three or four vessels.
Over 90% of these patients were male, and over 90% had sustained
a penetrating injury, most commonly a gunshot wound. The mean
age was only 26 years with a mean RTS and ISS of 7.09 and 28.04,
respectively. The patient’s initial observations were similar
regardless of the type of vessel injured as illustrated in Table 1. Fifty
patients presented with or became shocked during the initial
assessment prior to surgery. Only one patient underwent CT
imaging of the abdomen, in this patient the major venous injury
was identiﬁed. Only one haemodynamically stable patient under-
went formal angiography; an external iliac arterio-venous ﬁstula
was identiﬁed, which required surgical repair.
Overall there were 17 deaths giving an overall mortality of 25%.
Ten of these were within the ﬁrst 24 h due to ongoing bleeding
from irrecoverable shock and coagulopathy. Eleven patients
required major amputation, of these only six patients survived to
discharge. Overall, as is displayed in Table 2, the patients with an
injury to both the common or external iliac artery or vein had
a higher rate of fasciotomy, total amputation, survival with ampu-
tation and mortality than any other group.
Eleven patients sustained isolated vascular injuries, while the
remaining ﬁfty-eight sustained associated injuries, most commonly
to the small bowel and colon as shown in Table 3. None of the
patients underwent emergency thoracotomy with cross clamping
of the aorta prior to transfer to the operating theatre.
Twenty-nine patients required a damage control procedure, and
a further 9 patients required packs to be left in the abdomen at the
conclusion of the initial laparotomy for haemorrhage control. Fifty-
six underwent a midline laparotomy incision only, a further 9
Table 3
Associated injuries found in 58 patients.
Injury Number
Small bowel 43
Colon 29
Stomach/duodenum 3
Diaphragm 1
Liver 1
Kidney 2
Ureter 6
Bladder 6
External genitalia 1
Inferior vena cava 3
Pelvis fracture 4
Other fractures 9
Head Injury 3
Total 111
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patients received only a groin incision, these were patients who
were hemodynamically stable on presentation, with an isolated
iliac artery injury that was identiﬁed either clinically or after formal
angiography.
Patients with injuries to a common or external iliac artery fell
into three groups. Those requiring a damage control procedure,
thosewhowere stable enough to undergo deﬁnitive surgery during
the initial procedure and those with ‘bruising’ to the vessel iden-
tiﬁed clinically. A summary of the surgical management of patients
in each of these groups is illustrated in Table 4. Three patients
underwent ligation of the injured vessel; each of these had a non-
viable limb prior to the procedure and required a primary ampu-
tation. Among the patients undergoing damage control surgery,
a temporary shunt was employed in six patients. Of the six patients
managed with a temporary shunt, two died before deﬁnitive
surgery due to refractory shock and ongoing coagulopathic
bleeding. The remaining four had repair with interposition grafting
within 48 h of the initial laparotomy. One of these patients required
an amputation which was due to a delay in performing a fas-
ciotomy. No formal anticoagulation was administered to these
patients. Four patients with ‘bruising’ to the iliac vessels were
identiﬁed at laparotomy; three had sustained a GSW, the fourth
sustained blunt trauma. Two of the ‘bruised’ vessels were explored
and intimal injuries identiﬁed, excised and grafted with no further
vascular complications. One of these patients died from other
injuries within hours of surgery. One patient whose injury was not
explored at the initial laparotomy developed an acutely ischaemicTable 4
Surgical techniques and outcome of common and external iliac artery injuries.
Type of Surgery N Death Amputation
Damage control procedure 14 5 2
Temporary shunt 6 2 1
Primary repair 5 1 0
Ligation 1 0 1a
Death on operating table 2 2 0
Primary deﬁnitive surgery 12 1 5
Primary repair 5 0 2
Interposition graft 5 1 1
Vein graft 2 0 0
Synthetic graft 2 0 0
Arterial graft 1 0 1
Ligation 2 0 2a
Arterial bruising 4 1 1
Explored: intimal ﬂap identiﬁed: 2 0 0
Unexplored 2 1 1b
a Limb non-viable before ligation of the iliac artery.
b Limb loss due to peripheral embolisation within 24-hours of initial surgery.leg relating to iliac thrombosis within 24 h of the initial surgery
which required above knee amputation.
Forty seven patients sustained an injury to the common or
external iliac veins. The mortality was higher than overall at 30%
among these patients. One patient with a common iliac vein injury
required a fasciotomy, this patient subsequently underwent above
knee amputation, but passed away from multiorgan failure. Four
patients with an associated arterial injury required an amputation.
The majority, 42 of the venous injuries were ligated, with a high
prevalence of leg swelling after the procedure. However, subjec-
tively this swelling resolved in the majority of patients and only 3
were still complaining of swelling at the follow up appointment.
Five patients, whose vein was not completely transected, had
a repair procedure to the vessel. (Table 5)
Twenty-ﬁve patients sustained injuries to an internal iliac
vessel. These were all ligated with no vascular complications;
however there were no cases of bilateral injuries. There was only
one death among the 9 patients with an injury to the internal iliac
vessels and this was related to an associated severe head injury.
Discussion
The mortality of patients with iliac vessel injuries in this series
was 25%; this compares favourably to previously published series in
which the mortality ranges from 22% to 49%.1,4,6 None of the
patients in this series had undergone an emergency front room
thoracotomy with cross clamping of the aorta prior to laparotomy.
It is not standard treatment in our institution as it has been sug-
gested that this is a futile procedure. However in the three pub-
lished series of iliac artery injuries 47 patients underwent this
manoeuvre of whom 12 survived.1e3 None of our patients under-
went endovascular management of their injuries due to limited
access at our institution, however there is growing evidence that in
the stable patient this type of treatment can be effective with
reduced blood loss and complications related to opening the
retroperitoneal haematoma.5
The temporary intravascular shunts (TIVS) were created with
a piece of plastic tubing, most commonly from a high ﬂow line, or
nasogastric tube, cut to the size of the defect in an artery with an
overlap of one-cm at each end, and secured in the vessel with a silk
tie. This procedure was ﬁrst described in 1919, however its use as
a damage control procedure has only recently become common-
place, with most of the published literature frommilitary hospitals
during the Gulf conﬂicts.6 In the 3 largest recent series of iliac vessel
trauma there were no TIVSs used.1e3 In our series six patients
underwent this surgical procedure. A recent study compared the
outcome of patients with a TIVS used in the common or external
iliac artery with historical controls that underwent ligation of the
common or external iliac artery as a damage control procedure.7
They identiﬁed a 47% amputation rate after common or external
iliac ligation, compared to 0% after TIVS. They also comment that
the fasciotomy rate among patients with temporary shunts wasTable 5
Causes of amputation and death.
Amputation
Associated limb injury 3
Iliac artery thrombosis 1
Non-viable limb prior to surgery 4
Delayed fasciotomy 2
Occluded TIVS 1
Death
Multi-organ failure 4
Uncontrolable bleeding 10
Other non-surgical causes 3
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these very unstable patients. In our unit during the time of the
study, the policy was only to ligate the iliac vessels if the limb was
not viable prior to surgery therefore the amputation rate was 100%
among the 3 patients who underwent ligation. Among our unstable
patients who had a TIVS placed, mortality was two of six, 33% this
similar to the three of seven (43%) in the published series.7
In the stable patient the management of the arterial injury
depends on the nature of the injury. Where possible, a repair or
primary anastamosis was performed to the injured vessel. In our
series a repair or primary anastamosis was only possible in 10 of 23
patients with arterial injuries, fewer than other published series. An
explanation for this may be that following a TIVS, the ends of the
vessel are damaged and therefore a graft is necessary.
Injury to the intima of the external or common iliac artery is
a rare but well described injury after blunt abdominal trauma.8 This
injury is commonly associated with normal initial haemodynamic
status and vascular examination ﬁndings progressing to embolic
phenomena and limb loss. A high index of clinical suspicion is vital
as prompt treatment can be limb saving. Our series has demon-
strated that iliac arterial intimal injuries are not only related to
blunt trauma as we identiﬁed three cases caused by GSWs. While
there is some evidence to suggest that clinically occult vascular
injuries in penetrating extremity trauma can be managed non-
operatively, the optimum treatment of an intimal injury in the
iliac arteries has not been formally evaluated. In a series of patients
with conﬁrmed intimal injuries in limb vessels caused by pene-
trating trauma managed non-operatively, the incidence of acute
limb threatening ischaemia was 85% within a ﬁve year retrospec-
tive study period suggesting that it is critical to repair these
injuries.9 Whether we can extrapolate the results of this study to
common and external iliac arteries which are abdominal retro-
peritoneal vascular structures, frequently associated with other
intra-abdominal injuries, is questionable. As limb threatening
complications can occur early, and until further evidence to support
otherwise, we recommend that intimal injuries to the iliac vessels
are excised and repaired without delay once suspected, or
conﬁrmed.
Our series has illustrated that iliac vein injuries are as lethal if
not more so than iliac arterial injuries. Therefore it is essential that
the surgical management especially in the unstable patient does
not take more time or allow more bleeding than the minimum
possible. Ligation of all venous injuries not easily amenable to
repair is standard practise in our institution10 and even after liga-
tion of the infra renal vena cava the incidence of prolonged
peripheral oedema is very low.11 On the other hand there is some
suggestion that venous repair can be safely and effectively per-
formed in all cases of venous injuries thus preventing risk of long
term venous stasis complications.12 Our series of 47 patients with
injuries to the common or external iliac vein suggests that the
incidence of ongoing leg swelling following iliac vein ligation is low
(3 out of 39).
There are no studies reporting isolated internal iliac vessel
injuries. In our series, all these injuries were ligated without
complications. However there were no bilateral iliac injuries which
are more likely to lead to ischaemic complications. There are
reports of bilateral ligation and pelvic packing or embolization of
the internal iliac artery in the unstable patient with ongoing
bleeding following pelvic fracture. Dubose et al.13 describe 61 cases
undergoing one of these procedures; among the survivors no
ischaemic complications were reported. There is one case report
describing delayed rectal stenosis in a patient following bilateraliliac artery ligation for pelvic trauma.14 This study adds to the very
small amount of data available regarding these injuries. However it
is limited as only patients identiﬁed at surgery were included, and
there was a very low rate of CT scanning. This is partly as this is
a retrospective series over a 10 year period, and immediate access
to rapid spiral CT imaging was not readily available earlier in the
study period, but also due to the very unstable nature of these
patients, and delay must be avoided in these situations. We have
also not involved endovascular management of any of the patients,
but there is a small group of patients with arterial injury and
haemodynamic stability that may have beneﬁtted from endovas-
cular intervention prior to open management of associated injuries
if necessary.
In summary, in a stable patient a primary repair of a common or
external iliac artery is preferred but an interposition graft may be
necessary. In the patient with an associated gastrointestinal injury
it is the safest to avoid a synthetic interposition graft but a femefem
crossover can be used if a natural conduit is not possible. Our study
suggests that a TIVS can improve limb salvage if the patient is
unstable and there is suggestion in the published literature that this
procedure can also improve survival. Ligating the common or
external iliac veins is associated with a low incidence of prolonged
leg swelling. Internal iliac vessels can be safely ligated.Acknowledgements
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